on behalf of the CURRENT AS Registry Investigators* Background--There are limited data regarding the risk stratification based on peak aortic jet velocity (Vmax) in patients with severe aortic stenosis (AS).
I
n the current American and European guidelines for the management of severe aortic stenosis (AS), the presence of AS-related symptoms is the only 1 class 1 recommendation for aortic valve replacement (AVR) surgery. 1, 2 However, many patients with severe AS who could potentially be benefited from AVR may not complain any symptoms because of their sedentary life style. Furthermore, it is often difficult to distinguish the non-specific symptoms such as fatigue and dyspnea on exertion from the true AS-related symptoms. Several previous observational studies including our recent report have suggested better long-term clinical outcomes with initial AVR strategy as compared with conservative strategy in asymptomatic patients with severe AS. [3] [4] [5] Therefore, it is increasingly important to identify some additional objective parameters accurately predicting higher-risk patients with severe AS other than AS-related symptoms. Myocardial fibrosis detected by magnetic resonance imaging and novel biomarkers for fibrosis or myocyte stress such as growth differentiation factor 15 or soluble ST2 have emerged as promising predictors of outcomes in patients with severe AS. [6] [7] [8] [9] [10] However, the diagnostic tests used in the decision making for AVR should be readily and repeatedly available in daily clinical practice. Therefore, among asymptomatic patients with severe AS, the current guidelines recommend AVR as the class 2a indication in patients with very severe AS (peak aortic jet velocity [Vmax] ≥5.0 m/s or mean aortic pressure gradient ≥60 mm Hg), or left ventricular dysfunction (left ventricular ejection fraction [LVEF] <50%) as evaluated by echocardiography. 1, 2 However, there are limited data regarding risk stratification based on Vmax in patients with severe AS, although Vmax as assessed by Doppler echocardiography is considered to be a major predictor of adverse events in patients with moderate or severe AS, leading to the definition of severe AS as Vmax ≥4.0 m/s or mean aortic pressure gradient ≥40 mm Hg. [11] [12] [13] Previous single-center studies have reported that asymptomatic severe AS patients with Vmax ≥5.0 m/s are at higher risk for adverse events, 4, 14 whereas other studies reported that patients with Vmax ≥4.5 m/s are at higher risk for adverse events. 5, 15 The appropriate cut-off value for Vmax predicting adverse outcomes has not been yet established in severe AS patients with Vmax ≥4.0 m/s. Therefore, we sought to evaluate the prognostic impact of Vmax in conservatively managed severe AS patients with preserved LVEF using data from a large Japanese multicenter registry of patients with severe AS.
Methods

Study Population
The CURRENT AS (Contemporary Outcomes After Surgery and Medical Treatment in Patients With Severe Aortic Stenosis) registry is a retrospective, multicenter registry enrolling consecutive patients with severe AS who were treated at 27 centers in Japan between January 2003 and December 2011. Inclusion periods of the consecutive patients in each center were different according to the accessibility for the hospital chart in each center. The institutional review boards at all 27 participating centers (see Appendix) approved the protocol. Written informed consent from each patient was waived in this retrospective study, because we used clinical information obtained in the routine clinical practice, and no patients refused to participate in the study when contacted for follow-up. The design and patient enrollment of the CURRENT AS registry have been described previously. 3 Among the 3815 patients enrolled in the registry who met the definition of severe AS (Vmax >4.0 m/s, mean aortic pressure gradient >40 mm Hg, or aortic valve area <1.0 cm 2 ) for the first time during the study period, we excluded 1197 patients in whom aortic valve replacement (AVR) was selected as the initial treatment strategy after the index echocardiography, 5
Clinical Perspective
What Is New?
• The cumulative 5-year incidence of the aortic stenosis (AS)-related events remained very high in asymptomatic patients with less greater Vmax, and increasing peak aortic jet velocity was associated with incrementally higher risk for AS-related events in conservatively managed severe AS patients with preserved left ventricular ejection fraction.
What Are the Clinical Implications?
• The initial aortic valve replacement strategy would be a viable option in asymptomatic patients with severe AS with peak aortic jet velocity 4.0 to 5.0 m/s, although definitive conclusions cannot be drawn until the completion of the ongoing trial comparing initial aortic valve replacement strategy with conservative strategy in patients with asymptomatic severe AS.
patients whose Vmax values were unknown, 1427 patients whose Vmax values were <4.0 m/s, and 111 patients whose left ventricular ejection fraction (LVEF) was <50%. Therefore, the current study population consisted of 1075 patients with severe AS with Vmax ≥4.0 m/s and LVEF ≥50% who were managed conservatively after the index echocardiography ( Figure 1 ). The study patients were subdivided into 3 groups based on the Vmax values: group 1 (4.0 ≤ Vmax <4.5 m/s: N=550); group 2 (4.5 ≤ Vmax <5 m/s: N=279); and group 3 (Vmax ≥5 m/s: N=246; Figure 1) . We compared the baseline characteristics and 5-year clinical outcomes among the 3 groups.
Data Collection and Definitions
The collection of the baseline clinical information was conducted through hospital chart and database reviews. Angina, syncope, and heart failure (HF) symptoms including dyspnea were regarded as AS-related symptoms. The follow-up data were mainly collected through a review of hospital charts or through contact with patients, their relatives, and/or the referring physicians asking questions on survival status, symptoms, and subsequent hospitalization.
The primary outcome measure in the present analysis was a composite of aortic valve-related death and HF hospitalization. Cause of death was classified according to the VARC (Valve Academic Research Consortium) definitions and was adjudicated by a clinical event committee (see Appendix). 18, 19 Sudden death was defined as unexplained death in previously stable patients. Aortic valve-related death included aortic procedure-related death, sudden death, and death attributed to HF that was possibly related to the aortic valve. HF hospitalization was defined as hospitalization attributed to worsening HF that required intravenous drug therapy. During collection of clinical outcomes, group categorization by Vmax had not been notified to the investigators. Furthermore, a clinical event committee also adjudicated the outcomes in a blind fashion to the group categorization by Vmax.
Statistical Analysis
We present continuous variables as the meanAESD or median with interquartile range and categorical variables as numbers and percentages. We compared continuous variables using 1-way ANOVA or the Kruskal-Wallis test according to their distributions. We analyzed categorical variables with the chisquared test. We used the Kaplan-Meier method to estimate the cumulative incidences of clinical events and assessed intergroup differences with the log-rank test. The outcomes of group 2 and group 3 were compared with those of group 1 in multivariable Cox proportional hazard models by using dummy variables. Consistent with our previous report, we used the 19 clinically relevant risk-adjusting variables (age, male, body mass index <22 kg/m 2 , acute HF, hypertension, current smoking, diabetes mellitus on insulin therapy, past myocardial infarction, past symptomatic stroke, atrial fibrillation or flutter, aortic/peripheral vascular disease, hemodialysis, anemia, liver cirrhosis, malignancy current under treatment, chronic lung disease, LV mass ≥181 g, any combined valvulvar disease, and tricuspid regurgitation pressure gradient ≥40 mm Hg) indicated in Table 1 . With the exception of age, continuous risk-adjusting variables were dichotomized using clinically meaningful reference values or median values. We treated age as a continuous variable in the Cox proportional hazards models. The center was incorporated as the stratification variable. The effects of group 2 and group 3 relative to group 1 on the clinical outcomes were expressed as adjusted hazard ratios (HR) and their 95% CIs. We also calculated overall P values of categorized Vmax. We also performed a subgroup analysis based on the presence or absence of the AS-related symptoms at baseline with formal interaction analysis between the subgroup factor and the effect of the Vmax categories on the primary outcome measure. We conducted a sensitivity analysis in which patients who had undergone AVR or transcatheter aortic valve implantation (TAVI) during follow-up period were censored on the day of AVR or TAVI. Furthermore, we performed another sensitivity analysis of isolated severe asymptomatic AS patients, excluding those patients who had other moderate or severe valvular disease. The follow-up duration was calculated by the median follow-up duration of patients who were free from all-cause death. Statistical analyses were conducted by a physician (K.N.) and a statistician (T.M.) with use of JMP (version 10.0.2) or SAS software (version 9.4; both SAS Institute Inc, Cary, NC). All of the statistical tests were 2-tailed. We regarded P<0.05 as statistically significant.
Results
Baseline Characteristics
With increasing Vmax from group 1 to group 3, the patients became older and more often had female sex, smaller body mass index, AS-related symptoms, and higher surgical risk scores, whereas they less often had dyslipidemia, diabetes mellitus, chronic lung disease, and coronary artery disease (Table 1) . Regarding the echocardiographic variables, patients with higher Vmax more often had greater LV mass values, LV hypertrophy, combined valvular disease, and higher tricuspid regurgitation gradient. LVEF was comparable across the 3 groups (Table 1) .
Clinical Outcomes
Median follow-up duration of the surviving patients was 1336 (interquartile range, 966-1817) days. Cumulative 5-year incidence of surgical AVR or transcatheter aortic valve implantation (TAVI) was not different among the 3 groups ( Figure 2 ). Cumulative 5-year incidence of the primary outcome measure (aortic valve-related death or HF hospitalization) was incrementally higher with increasing Vmax from group 1 to group 3 (38.0%, 49.4%, and 62.8%; P<0.001), although the event rate even in group 1 remained very high ( Figure 3 ; Table 2 ). After adjusting for potential confounders, the excess risk of group 2 and group 3 relative to group 1 for the primary outcome measure remained significant (HR, 1.39; 95% CI, 1.07-1.81; P=0.02, and HR, 1.53; 95% CI, 1.17-2.00; P=0.002, respectively; Table 3 ). Cumulative incidences of the secondary outcome measures, including all-cause death, cardiovascular death, aortic valve-related death, sudden death, and HF hospitalization, among the 3 groups followed the same trend as that for the primary outcome measure (Table 2 ; Figure 4 ). After adjusting for confounders, the excess risks of group 3 relative to group 1 for the individual components of the primary outcome measure (aortic valve-related death and HF hospitalization, respectively) remained significant, whereas the risks of group 3 relative to group 1 for the other secondary outcome measures and the risks of group 2 relative to group 1 for the secondary outcome measures, except for all-cause death and HF hospitalization, were not significant ( Table 2) .
Subgroup Analysis Based on the Presence or Absence of AS-Related Symptoms
There were 479 patients with and 596 patients without ASrelated symptoms at baseline. In the subgroup of symptomatic patients, the differences in baseline characteristics among the 3 groups categorized by the Vmax values were generally consistent with those in the entire study population (Table 3 ). In the subgroup of asymptomatic patients, baseline characteristics were not so much different among the 3 groups categorized by the Vmax values, except for the higher prevalence of women, and smaller body mass index, as well as the lower prevalence of dyslipidemia, diabetes mellitus, and chronic lung disease with increasing Vmax. Age and surgical risk scores in asymptomatic patients were not significantly different among the 3 groups (Table 3 ). In both subgroups with and without symptoms at baseline, cumulative 5-year incidence of the primary outcome measure was incrementally higher with increasing Vmax (Figure 5 ; Tables 4 and 5 ). After adjusting for confounders, the higher risk of group 3 relative to group 1 for the primary outcome measure remained significant, whereas the excess risk of group 2 relative to group 1 for the primary outcome measure was no longer significant in both subgroups ( Figure 6 ; Tables 4 and 5 ). The effect size of group 3 relative to group 1 for the primary outcome measure in asymptomatic patients was similar to that in symptomatic patients, and there was also no significant overall interaction between the symptomatic status at baseline and the effect of the Vmax categories on the primary outcome measure (interaction, P=0.88).
Sensitivity Analysis
When patients who had undergone AVR or TAVI during followup period were censored on the day of AVR or TAVI, an incrementally higher risk for the composite of aortic However, the magnitude of the effect of increasing Vmax for the primary outcome measure was not so much different from that in the entire study population. We presented the categorical variables as number (%), and the continuous variables as meanAESD, or median with interquartile range. AR indicates aortic regurgitation; AVA, aortic valve area; BMI, body mass index; BSA, body surface area; CABG, coronary artery bypass grafting; IVST, interventricular septum thickness; LV, left ventricular; LVEF, left ventricular ejection fraction; MR, mitral regurgitation; MS, mitral stenosis; PCI, percutaneous coronary intervention; PG, pressure gradient; PROM, predicted risk of mortality; PWT, posterior wall thickness; STS, Society of Thoracic Surgeons; TR, tricuspid regurgitation; Vmax, peak aortic jet velocity. *Risk-adjusting variables selected for the multivariable Cox proportional hazards models. were associated with higher mortality and higher valve-related event (cardiac death/HF hospitalization) among 108 conservatively managed patients with severe AS (Vmax ≥4.0 m/s, mean PG ≥40 mm Hg, or aortic valve area <1.0 cm 2 ). 14 Pellikka et al reported that patients with very severe AS (Vmax ≥4.5 m/s) were associated with higher risk for cardiac death or AVR with a relative risk of 4.9 among 143 asymptomatic patients with severe AS (Vmax ≥4.0 m/s), 5 whereas the same group of investigators later reported that patients with very severe AS (Vmax ≥4.5 m/s) were associated with higher risk for cardiac death or AVR with an HR of 1.48 among 622 asymptomatic patients with severe AS (Vmax ≥4.0 m/s). 15 All these previous studies were singlecenter studies from the high-quality centers, which might be associated with some limitations in extrapolating the study results into real clinical practice with differences in the quality of echocardiographic examinations, manner of patient followup, and operative mortality rate of AVR across centers. Furthermore, mean age of the patients enrolled in these studies ranged from 63 to 72 years, which would be much younger than the age of patients encountered in the contemporary clinical practice. In the present study evaluating the largest ever number of patients with average age of 80 years from 27 centers, increasing Vmax, particularly Vmax predictor of death or AVR among 123 asymptomatic moderate-to-severe AS patients (Vmax ≥2.5 m/s). 20 Also, Gerdts et al reported that an association between increasing Vmax value and incrementally higher risk for cardiovascular events in mild-to-moderate asymptomatic AS patients (Vmax ≥2.5 m/s). 21 Furthermore, Rosenhek et al reported that patients with Vmax ≥5.5 m/s were associated with a higher risk for cardiac death or indication for AVR among 116 asymptomatic isolated very severe AS patients (Vmax ≥5.0 m/s). 22 However, it should be noted that the event rate for aortic valve-related death or HF hospitalization in this study remained very high even in asymptomatic patients with 
Limitations
The current study has several limitations. First, we should take the measurement error of the echocardiographic Vmax Number of patients with event was counted through the entire follow-up period, whereas the cumulative incidence was truncated at 5 years. Aortic valve-related death included aortic procedure-related death, sudden death, and death attributed to HF. HF hospitalization was defined as hospitalization attributed to worsening HF requiring intravenous drug therapy. HF indicates heart failure; HR, hazard ratio; N, number; N/A, not assessed; Vmax, peak aortic jet velocity.
into account in this study and also in the daily clinical practice. Furthermore, the echocardiographic measurement was not performed in a core laboratory, but in each participating center. Therefore, we could not deny the possibility for variations in the echocardiographic measurement of Vmax. However, cardiologists and ultrasonographers in each participating center had enough experience of echocardiography, and the measurements were performed according to the current guidelines. 16 Second, patients with greater Vmax were more likely to undergo AVR. Therefore, we should assume the presence of selection bias among the groups categorized by Vmax, because the conservatively managed patients with greater Vmax might include higher proportion of sicker patients unsuitable for AVR. However, we chose the AS-related outcomes (aortic valve-related death or HF hospitalization) as the primary outcome measure, which would be less likely to be influenced by selection bias than allcause death. Third, we did not have data on the place where patients were regularly followed during the study period and whether the patients were included in any follow-up programs or not. However, in %85% of patients, final follow-up information was obtained from the hospital chart in the study participating center, suggesting that the majority of patients were followed by the cardiologists in the study participating center. Finally, the presence of AS-related symptoms is a class 1 indication of AVR. Therefore, risk stratification by Vmax in symptomatic patients may not be necessary. However, in the real clinical practice, patients sometimes refuse AVR despite the presence of symptoms. Also, it is sometimes difficult to make unequivocal diagnosis of AS- Number of patients with event was counted through the entire follow-up period, whereas the cumulative incidence was truncated at 5 years. Aortic valve-related death included aortic procedure-related death, sudden death, and death attributed to HF. HF hospitalization was defined as hospitalization attributed to worsening heart failure requiring intravenous drug therapy. HF indicates heart failure; HR, hazard ratio; N, number; N/A, not assessed; Vmax, peak aortic jet velocity.
related symptoms. Therefore, we did not exclude the symptomatic patients, but rather conducted a stratified analysis based on the presence or absence of symptoms.
Conclusions
In conservatively managed severe AS patients with preserved LVEF, increasing Vmax was associated with incrementally higher risk for the composite of aortic valve-related death or HF hospitalization. However, the cumulative 5-year incidence of the AS-related serious adverse events remained very high even in asymptomatic patients with less greater Vmax. Figure 6 . Unadjusted and adjusted effects of increasing Vmax on the primary outcome measure in the entire study population and in the subgroups based on symptomatic status at baseline. Unadjusted and adjusted effects of group 2 (4.5 ≤ Vmax <5.0 m/s) and group 3 (Vmax ≥5.0 m/s) relative to group 1 (reference: 4.0 ≤ Vmax <4.5 m/s) on the composite of aortic valve-related death or heart failure hospitalization were analyzed in the entire study population as well as in symptomatic and asymptomatic patients. There was no significant overall interaction between symptomatic status and effect of Vmax categories (interaction, P=0.88). AS indicates aortic stenosis; HR, hazard ratio; N, number; Vmax, peak aortic jet velocity.
